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FIGURE 5
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1

SYSTEM AND METHOD FOR DETECTING
DEFECTS

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH AND DEVELOPMEN'T

This ivention was made with government support under
Contract No. FA8802-09-C-0001 awarded by the United
States Air Force. The government has certain rights 1n the
invention.

BACKGROUND

During or after the manufacture of an article, defects that
are difficult to detect based on a visual inspection of the
article’s exterior may occur. In some cases, the defects are
present under an exterior surface of the article, such as under
a surface coating, for example. Subsurface defects and other
types of hard-to-observe flaws may have a number of unde-
sirable consequences. In space systems, for example, subsur-
face defects may degrade thermal control surfaces due to
comprised paint, increase the likelithood of electrostatic dis-
charges (ESD) on satellites, diminish ESD mitigation on solar
cells due to coating loss, permit contamination of optical
components due to surface peeling and flaking, and cause
rocket motor failure due to delamination of composite mate-
rials.

The advantages of non-destructive evaluation and testing
(NDET) techniques to detect subsurface defects and other
types of flaws are known. Thermography 1s one example of a
NDET technique for detecting subsurface defects. Thermo-
graphic techniques generally involve subjecting a test article
to a thermal pulse (e.g., from a tlash bulb) followed 1mmedi-
ately by an examination/evaluation of surface temperature
differences using an inirared camera. One advantage of ther-
mography 1s that 1t provides nearly instantaneous results. A
possible disadvantage is that the thermal pulse may cause new
defects 11 the test article contains volatile materials 1n micro-
cracks, or 11 the composition of the test article includes mate-
rials with mismatched coelficients of thermal expansion.
More benign NDET techniques are desirable.

SUMMARY

Various aspects of a non-destructive evaluation and testing
system including a charge source and at least one voltage
measurement device are disclosed. The charge source 1s for
generating a charging environment to produce at least one of
a voltage profile and a current on an area of dielectric matenial
disposed over a conductive substrate. The area of dielectric

material includes a first area containing a subsurface detfect.
The area of dielectric material also includes a second area that
1s defect-ree. The at least one voltage measurement device 1s
for outputting voltage measurements at different positions
over the area of dielectric matenial. The voltage measure-
ments over the first area differ from voltage measurements
over the second area to define a voltage differential.

DESCRIPTION OF THE FIGURES

Various embodiments of the present invention are
described herein by way of example 1n conjunction with the

following figures, wherein:
FIGS. 1A and 1B illustrate a dielectric-coated conductive

substrate in a charging environment;
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FIGS. 2 and 4 1illustrate the geometry and boundary con-
ditions of dielectric coatings on a conductive substrate

according to various embodiments;

FIG. 3 illustrates examples of voltage profiles of noncon-
ductive and conductive dielectric films:

FIG. 5 1illustrates the geometry of a defect-iree area of a
dielectric coating according to one embodiment;

FIG. 6 illustrates a sensing surface of a voltage measure-
ment device positioned to measure voltage on a dielectric-
coated conductive substrate comprising an area ol separated
coating and a defect-iree surface area;

FIG. 7 1s a plot of non-damaging combinations of the
charging current density and electron energy according to one
embodiment;

FIGS. 8, 10, 12 and 13 illustrate defect detection systems
according to various embodiments;

FIG. 9 1s a process according to one embodiment;

FIG. 11 1llustrates a non-contact voltmeter probe configu-
ration according to one embodiment; and

FIG. 14 illustrates a computing system environment
according to one embodiment.

DESCRIPTION

Embodiments of the present application are directed to
clectrostatic non-destructive evaluation and testing (ES-
NDET) systems and methods for detecting detects, such as
subsurface defects 1n dielectric-coated conductive substrates.
The systems and methods may use a controlled charging
environment to produce a voltage on a surface area of an
article containing a subsurface defect that 1s different than a
voltage produced by the charging environment on a defect-
free surface area of the article. The defect may be detected by
detecting the resulting voltage change or difference (e.g., a
voltage differential) between the defect-containing surface
area and the defect-Iree surface area using a voltage measure-
ment device, such as a non-contact voltmeter probe and asso-
ciated circuitry, for example. In certain embodiments, voltage
changes or fluctuations corresponding to mil-sized subsur-
face defects may be measured. Although the time required for
evaluating and testing a surface area using embodiments of
the ES-NDET systems and methods may be longer in certain
cases than that required using thermographic techniques, the
likelihood of residual damage to the surface area 1s signifi-
cantly reduced. Applications for the ES-NDFET systems and
methods may 1nclude, for example, testing and evaluation of
surface coatings on satellite and aircraft components and
other hardware to detect subsurface defects prior to deploy-
ment and detecting delaminations 1n composite materials.
The systems and methods may also be used to study and
evaluate the effects of Hall current (e.g., plasma) thrusters on
spacecrait surfaces.

Electrical Properties of a Separated Coating 1n a Charging
Environment

FIGS. 1A and 1B 1illustrate an article 100 comprising a
dielectric surface coating 102 disposed over a conductive
substrate 104. The coating 102 may be, for example, a thermal
control paint, and the conductive substrate 104 may be a
metallic film forming an exterior surface of a spacecraft. An
area of the coating 102 may become separated from the sub-
strate 104 due to, for example, a blister 106 formed in the
coating 102 (FI1G.1A), or a void 108 or other defect formed 1n
the substrate 104 (FIG. 1B). In other words, and area of the
coating 102 and the substrate 104 may delaminate. The blister
106 1n FIG. 1A and the void 108 in FIG. 1B are examples of
subsurface defects. When the article 100 1s exposed to a
charging environment (e.g., a charging environment gener-
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ated using, for example, any of: an electron gun, an 10nizer, a
gas blown over the article, a powder sprayed on the article, the
triboelectric effect, or any other suitable charge source or
charging method), the surface voltage on the area of separated
coating will differ from the surface voltage on an adjacent
defect-iree surface area 112 of the coating 102. This voltage
differential occurs because electrons on the defect-free sur-
face area 112 are discharged to ground more directly than
clectrons on the area of the separated coating. FIGS. 1A and
1B 1llustrate different discharge paths that are possible. Elec-
trons on the defect-iree surface area 112 can migrate directly
to ground via the underlying substrate 104, whereas electrons
on the area of separated coating must first migrate (more or
less laterally) ofl of the separated coating before reaching the
defect-free surface area 112 and migrating to ground, and 1n
the process of doing this they produce a voltage gradient
within the separated dielectric coating.

In the area of separated coating (e.g., in the area of the
coating 102 forming a blister 106 or the area of the coating
102 above a void 108), current resulting from the migration of
charge towards the defect-free surface area 112 produces a
voltage gradient along the separated coating due to electrical
current flowing through the bulk resistivity of the coating
material. The voltage gradient will be proportional to the
current flow 1n the separated coating. Additionally, the charg-
ing current (from above 1 FIGS. 2 and 4) accumulates as 1t
flows (laterally) through the dielectric towards the edges of
the separated coating, resulting 1n a current gradient 1n the
current flowing 1n the separated coating towards the defect-
free surface area 112. There 1s an additional contribution to
the current gradient that 1s proportional to the voltage at any
point. In the defect-free surface area 112, on the other hand,
the current simply tlows directly through the coating 102 to
the substrate 104, without any need to first migrate off of the
area of separated coating.

The magnitude of the voltage gradient produced in this
manner will be a function of a number of variables, including,
for example, the thickness and material properties (e.g., bulk
resistivity) of the coating 102, the area or size of the separated
coating, the charging current density and the energy of the
associated electrons. Additionally, a measured value of the
voltage gradient may depend to an extent on characteristics of
the particular voltage measurement device used. For
example, when the voltage measurement device comprises a
non-contact voltmeter probe, the voltage gradient measure-
ment may depend on the geometry of the probe’s sensing

surface (e.g., round, square) and its area (e.g., a fraction of a
square centimeter to several square centimeters).
Defect Modeling

FI1G. 2 illustrates the geometry and boundary conditions for
an area of separated coating, such as a blister 106, and com-
prises a rectangular dielectric {ilm 114 of constant thickness d
and length L that 1s grounded along its entire width W at
opposite ends. In other words, the two ends are assumed to be
connected to a defect-free surface area of the coating (such as
defect-free surface area 112), whereas the sides along the
lengths L are assumed to be unconnected to the defect-free
surface area. Although the particular geometry and grounding
configuration of the film 114 is chosen for purposes of con-
ceptual simplicity and clarity, 1t will be appreciated that the
tollowing analysis may be extended to other geometries and
configurations. It 1s assumed that the film 114 1s in a charging
environment with an incident electron current density of J
(amps/cm®), and that the energy of the electrons is such that
the electrons penetrate’ the film 114 to a depth t (cm) that is
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less than the film thickness (e.g., t<d). For this geometry and
configuration, the voltage V, at a point O=x=L on the

lister

film 114 1s given by:
/ L) (1)
(s /n| Cosh|Kslx- 5)]
VBlister(X) = 1 - :
(Kp) C 14&'51
\ 05 B 2 )
where
(pd /1)
Kp)* = ,
K8l =T

and where p 1s the bulk resistivity (€2-cm), k 1s Boltzmann’s
constant (J deg™"), T is the plasma temperature (deg Kelvin),
q 1s the charge on an electron (coulombs), p/t 1s the surface
resistivity (£2/square), and K'1/q (volts) 1s the plasma poten-
tial. At any value of x the voltage 1s assumed to be constant
with respect toy (0=y=W). The quantity 1/K ; 1s referred to
as the sweep range, L, (cm). The sweep range” is the charac-
teristic surface charge dissipation/ditiusion length: it 1s the
analog of the Debye length in plasma physics.” The peak
voltage at the midpoint

L
2
of the film 114 1s given by:
L. (oJ/D¢ ] \ (2)
Vitisier| = | = 5 1 -
(2) Ks Cosh Kgg]j

= (kT /g)

The average voltage over the film 114 1s given by:

( LN 3
<VB.!£5IEF> — (_] 1 - I
q Kpg=
\ g /

! Electron penetration depth is a function primarily of electron energy and
material density, and to a much lesser extent, of material composition. A
penetration depth of 0.2 mils or so can be achieved, for example, with 20 KeV
electrons and a material density of about 1.4 g/cm?, or with 30 KeV electrons

and a material density of about 3 g/cm”. Many dielectric materials have den-
sities in the 1-4 g/cm” range. Electron penetration depth vs. electron energy data
for a wide variety of materials are available from, for example, the National
Institute of Standards and Technology ESTAR Database (http://physics.nist.

ogov/PhysRefData/Star/Text/ESTAR.html).

2 Following the standard practice in which decay constants are defined in terms
of some characteristic quantity dropping to 1/e of its initial value, the sweep
range corresponds to the distance over which the horizontal electric field drops

to 1/e of its initial value. In the above example, in the limit where

Kp— >>1,
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it may be shown that the corresponding ratio of electric field
strengths becomes

E(Lg)

. . _ __—1.
zr0y |~ |(Sinh[1] = Cosh[1])] = e

3 In plasma physics, the Debye length is the scale over which mobile charge
carriers {(e.g., electrons) screen out electric fields 1n plasmas and other conduc-
tors. In other words, the Debye length is the distance over which significant

charge separation can occur.

For nonconductive dielectric materials where the sweep
range L., 1s much less than the film 114 size (e.g., where

KL 1
BE:}} )!‘

the peak voltage given by equation (2) can become substantial
and 1n the limit reach a level equal to the ambient plasma
potential,

Vﬂ.fisrer( g ) - (kT /q), (4)

almost everywhere except near the boundaries at x=0 and
x=L, where 1t drops rapidly to zero. The average voltage given
by equation (3) then becomes:

kT ( 1

5
<vﬂﬁsrer> - ( )
q

\ KBE,A

For conductive dielectric materials where the sweep range L,
1s much greater than the film 114 size (e.g., where

K L{{l)
B> ;

the peak voltage given by equation (2) will be limited by this
ratio of the length of the area of separated coating to sweep
range, yielding:

L2 (KgL)* (6)

Kpg
—=) =T/ q)—

VBHHEI’(%) - %UCT/Q’)(

Examples of voltage profiles for nonconductive and conduc-
tive dielectric films 114 are 1llustrated 1n FIG. 3.

Referring again to equation (1), consider the case of a
conductive dielectric where the sweep range L 1s much
greater than the film 114 size, e.g.,

L

Kgp— 1.
52{{

In this case, because

DY =P
— < Kg—<< 1,
By =585

the voltage V. ... on the film 114 given by equation (1)
reduces to:

L pd .

VBiister(X) = 5 pT -x- (L —x). (/)

The peak voltage at the center of the film 114 (e.g., at
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1s g1ven by:

Vﬂﬁsrer(i) ~ )

The average voltage over the entire {ilm 114, on the other
hand, 1s given by:

9
<VB.‘,’£51‘EF> - TA )

Equation (7) 1s an expression of the voltage at any point
0=x=L on a rectangular surface that is grounded at opposite
ends along 1ts entire width, W. This may be shown by deriving
equation (7) for the case of a conductive dielectric by means
of Ohm’s Law as follows.

Assume that a charging current of density J 1s normally
incident over the entire surface of the rectangular dielectric
f1lm 114. The total incident current1s [I=Ix Area=Ix(LxW). As
shown 1 FIG. 4, a part of the charging current goes to the
grounded length W on the left, with the remainder flowing
towards the grounded length W on the right. The incident
current will penetrate the surface of the film 114 to a depth t,
the electron penetration depth. The electrical resistance that
this current encounters 1n flowing to the left and to the right,
through distances x and L-x, respectively, and a cross-sec-
tional area txW, will be given by:

1 (10a)
Riep = 5

(10b)

Risge = 5( 4 )(L—).

The distributed resistance in the two parallel paths to the
grounded lengths W at x=0 and x=L then becomes:

RKiep Rpigmw 17 prx-(L—x) (11)
Rptister = Riepr || Rpigne = > = —( ) :
Left + Rpigme  2M1W L

According to Ohm’s Law, the voltage at any point between
the grounded lengths L 1s:

(12)

Viiterx) = I Rosaer = ULW) 5 (2] [ZE22)

which reduces to:

1 pJ (13)

VBHEI‘EI‘(X) — 5 T "X (L - .?C).

Equation (13) and equation (7) are 1dentical. A similar deri-
vation can be made in the case of a nonconductive dielectric.
This case 1s more analytically complex because 1t 1s only near
the endpoints (x=0 and x=L) that the voltage differs appre-
ciably from kT/q. Thus, 1t 1s only near these endpoints that
there 1s any appreciable electric field, or any appreciable
current, as shown in FIG. 3.
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Modeling Defect-Free Surfaces

FIG. S 1llustrates the geometry of a defect-iree surface area
of a coating, such as a defect-free surface area 112, and
comprises a rectangular dielectric film 115 of constant thick-
ness d and length £ . The surface voltage on the film 115 1s
given by:

( ] L\ (14)
th_@( —5)
Vria (X) = (pdd)| 1 - 1 [
Cosh
\ m 2_ /

Since

1 £
> >
vV id 2

1

for most dielectric coatings, the voltage will be constant over
almost the entire film 115, except for two very narrow regions
at either end:

VEradX)=pJd. (15)

It will be appreciated that this 1s a voltage drop through a
dielectric coating of thickness, d.
Detectability of Defects

FI1G. 6 illustrates a sensing surface 116 of a voltage mea-
surement device positioned to measure voltage on a dielec-
tric-coated conductive substrate comprising an area of sepa-
rated coating (e.g., a blister 106) and a defect-iree surface area
112. The dielectric-coated conductive substrate may be 1den-
tical to that shown 1n FIG. 1A or 1B, for example. The area of
the sensing surface 116, the area of separated coating and the
defect-iree surface area 112 are indicated by A, A, . .,
A, ., respectively. Subsurface defects, such as a blister 106,
can be detected when the difference between the measured
voltage on the area containing the separated coating and the
measured voltage on the defect-free surface area 112 1s sul-
ficiently greater than the noise floor of the voltage measure-
ment device. The voltage measurement device may comprise,
for example, a non-contact voltmeter probe (such as a non-
contact voltmeter probe available from Trek, Inc. of Medina,
N.Y.) having a noise floor that 1s low relative to the measured
voltage difference. In certain embodiments, the actual voltage
indicated by the voltage measurement device, V., may be
the weighted average of the voltages averaged over the rel-

evant surface areas, €.g.,

Alister{Vaiister) + (A1p — ABlister) Vi (16)

Vrp = :
Arp

where { V,.....) 1s the average voltage on the area containing
a separated coating and 'V ., _1s the voltage on the detect-free
surface area 112. The difference or change between voltage
measurements on the area containing a separated coating and
the defect-free surface area 112 will therefore be:

ABHSTE’I‘ (17)

AV = Vrp — Vg = - ({VBitister) — VFiar)-

Arp
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Example of AV Calculation

An example of the calculation of the voltage difference AV
of equation (17) 1s as follows. Assume parameter values as
follows:

kT/g=20 kVolts t=0.2 mils=5x10~* cm
J=10 nA/cm? d=10 mils=25.4x10"2 ¢cm

p=1x10"Q-cm =20 mils=5x10"2 cm
Then:

Vi =pJd=25.4 Volts. (18)

Since the sweep range L, extends beyond the assumed size of
the length, L of the area of separated coating, e.g.,

kT /g

od [t
equation (8) may used to calculate the peak voltage on the
area containing a separated coating as follows:

(19)

Lg = 0.lcm > 0.05cm,

1 pJ (20)

Vagaer(L/2) = 2 TL2 = 625 Volts,

and equation (9) may be used to calculate the average voltage
on the area containing a separated coating as follows:

1 pJ (21)

VBiisrer) = — — L* = 417 Volts.
< Bhsrfr> 12 1 OILs

Assuming an A . value of 1 cm?, for the example above AV
1s calculated to be:

(0.05)* (22)
1

AV = (417 V =25 V) = 0.98 Volts.

In cases where the noise floor of the voltage measurement
mstrument 1s small relative to AV (e.g., a noise floor of
approximately 4 mV for the above example), 1t will be appre-
ciated that the difference or change between voltage measure-
ments on the area containing a separated coating and the
defect-1ree surface area 112 can be used to detect the subsur-
face defect.

In order to avoid the possibility of causing residual dam-
age, the dielectric surface coating 102 should not be stressed
beyond its breakdown strength. The magnitude of the electric
field 1s just the magnitude of voltage gradient on the area
containing the separated coating, and 1n the example above,
the maximum horizontal induced electric field at either end of
the area separated coating 1s given by:

J %
197 Volts/mil.

E o 2 I LT
Enorx =0, Dll = |2 L-20] =5

x=()

In the vertical direction, the maximum field strength equals
the maximum difference between the voltages of the area
containing the separated coating and the defect-free surface

arca 112, divided by the film thickness, d:

625 Volts
10 mils

. (24)
= 62.5 Volts/ml

Vert —

For many dielectric materials, the typical breakdown strength
for thick films 1s on the order of several hundred volts/mil; for
thin films (e.g., with thicknesses approximately 1-10 mils) the
dielectric strength 1s 1n the order of several thousand volts/
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mil. This happens because trapped charges on a thin insulator
do not accumulate due to the proximity of the substrate and
hence can drain off the surface easily. A stronger electric field

is therefore needed to induce an electron avalanche.”
4 For most dielectrics the breakdown strength obeys the following inverse
square-root relationship:

dy
Lpp, = Epp, 7,

¢.g., thinner materials have a greater breakdown strength than
do thicker materals.

The charging environment may be controlled to minimize
or reduce the likelihood of damaging the dielectric surface
coating 102. This control may be pertormed directly or indi-
rectly, depending on the type of charge source used to create
the charging environment. In embodiments 1 which the
charge source comprise an electron gun, for example, a
“region-of-operation” plot (FI1G. 7) may define charging cur-
rent density and electron energy combinations for inducing
clectric fields that can be withstood by the coating 102. The
region-of-operation plot for a particular coating 102 may be
determined, for example, by determining, for each of a num-
ber of possible charging current density and electron energy
combinations, an amount of current that will be deposited 1n
the coating 102, the resulting distribution of the current in
different regions of the coating 102 and the resulting electric
field 1n the coating 102. These determinations may depend to
an extent on physical properties (e.g., area, size, thickness,
bulk resistivity) of the dielectric material and can be per-
formed using processor-based simulations, for example. To
define the region-of-operation plot, the resulting electric
fields may be compared to a known breakdown field for the
particular coating 102 to determine which of the possible
combinations of charging current density and electron energy
will not damage the coating 102. The charging environment
may then be directly controlled 1n accordance with the non-
damaging combinations of charging current density and elec-
tron energy.

In other embodiments, direct control of the charging envi-
ronment may not be practical or possible. Such may be the
case, for example, in embodiments 1n which the charging
environment 1s generated using the triboelectric effect, or
other charging mechanism for which the amount of trans-
terred charge cannot be directly or easily determined. In such
cases, 1t may be necessary to determine a priori (e.g., through
experimentation) one or more operating parameters of the
charge source (e.g., the type and/or amount of material used to
produce triboelectrification, the type of contact/motion used
to produce triboelectrification, the type of powder or gas used
to generate charge, the flow rate and/or speed of the powder or
gas, humidity and/or temperature of the charging environ-
ment) and the dependency of the charging environment on the
one or more operating parameters. In this way, the charging
environment may be calibrated and indirectly controlled
based on the one or more operating parameters.
Non-Rectangular Geometries

Although the discussion above assumes rectangular coat-
ing separation geometries, a similar analysis of other geom-
etries 1s also possible, albeit more mathematically complex.
For example, the voltage at some distance from the center, r,
on a circular area of separated coating of radius R 1s given by:

( 1( ol /1
.
T U\ kT/q

Vﬂﬁsrfr(r) = —|1- Nk
q

“’ (25)
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where 1,(x) 1s the modified Bessel tunction of the first kind.
The voltage averaged over the entire circular area of separated
coating 1s given by:

N ( . R* pl /1)’ (26)
LT Of 1] = < A kT
<VB£.€51‘EF> — ? 1 - /q ,
J/t
ID(R\/‘O / ]
\ kT [q )
where pﬁq(alj ...,a,by,...,b_ z)1s the regularized

hypergeometric function.

In order to facilitate comparison with the case of a rectan-
gular area of separated coating, the diameter (2R) of the
circular area of separated coating 1s chosen to be the same as
the length L in the rectangular example. All of the other
parameters remain the same:

kT/g=20 kVolts t=0.2 mils=5x10"* cm
J=10 nA/cm? d=10 mils=25.4x10"% cm

p=1x10"Q-cm R=10 mils=2.5%x10 cm
In this case we find:

AV=0.45 Volts, (27)
E~=71 Volts/mul, (28)

and
(29)

180 _
Eyver = ST 18 Volts /mul

These values are on the order of one half of the corresponding
values for the rectangular case, and this difference 1s presum-
ably due to the difference 1n geometries and grounding con-
figurations between the two cases. Again, the AV 1s well
above noise floor of available voltage measurement devices
(e.g., approximately 4 mV or less for non-contact voltmeter
probes), and the maximum electric field 1s well below typical
breakdown strengths for dielectric materials.

FIG. 8 illustrates an ES-NDET system 118 according to
one embodiment. The system 118 may comprise a charge
source 120 for generating a charging environment to produce
a current (e.g., a steady-state or quasi steady-state current) on
a surface area of an article 122 to be evaluated and tested for
subsurface defects. The article 122 may be similar to the
article 100 of FIGS. 1A and 1B, for example, and comprise a
dielectric surface coating 102 disposed over a conductive
substrate 104. In one embodiment, the charge source 120 may
comprise an electron gun 124 and a power supply 126
coupled to the electron gun 124 for outputting an electron
beam having a desired current and energy. The power supply
126 may permit independent adjustment of the electron beam
current and energy. In certain embodiments, these adjust-
ments may be performed manually at the power supply 126.
In other embodiments, these adjustments may be performed
remotely by a computer system or other processor-based
device (e.g., computer system 160 of FIG. 14 discussed
below) 1n communication with the power supply 126 via, for
example, an RS-422/RS-4835 serial interface.

It will be appreciated that the electron gun 124 1s but one
example of a charge source 120, and that other suitable charge
sources (€.g., an 1onizer, a gas blown over the article, apowder
sprayed on the article, the triboelectric effect) may alterna-
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tively be used. It will further be appreciated that, depending,
on the type of charge source 120 used, generation of the
charging environment by the charge source 120 may addi-
tionally or alternatively comprise producing a voltage profile
(¢.g., a steady-state or quasi steady-state voltage profile) on
the surface area of the article 122.

The system 118 may comprise a voltage measurement
device 128 for measuring voltages on the surface area of the
article 122 and, optionally, for providing a visual indication of
the measured voltages. In one embodiment, the voltage mea-
surement device 128 may include an electrostatic voltmeter
comprising a non-contact voltmeter probe 130 coupled to a
voltmeter circuit 132. The non-contact voltmeter probe 130
may comprise, for example, a Model 6000B-8 non-contact
voltmeter probe, and the voltmeter circuit 132 may comprise,
for example, a Model 344 electrostatic voltmeter, both avail-
able from Trek, Inc. In certain embodiments, voltage mea-
surements of the voltage measurement device 128 may be
monitored and/or controlled by a computer system or other
processor-based device (e.g., computer system 160 of FIG. 14
discussed below) in communication with the voltage mea-
surement device 128 via a communication link, such as, for
example, an analog communication link and/or an RS-232
serial interface.

FIG. 9 illustrates one embodiment of a process 1mple-
mented by the system 118. At step 134, the charge source 120
1s activated and controlled to generate a charging environ-
ment to produce a current (e.g., a steady-state or quasi steady-
state current) on the surface area of the article 122. In embodi-
ments 1n which the charge source 120 comprises an electron
ogun 124 and a power supply 126, for example, the electron
beam current and energy may be controlled (either manually
or automatically by a processor-based device) 1n accordance
with a region-of-operation plot (FIG. 7) specific to the coating,
102 of the article 122. It will be appreciated that charge
sources other than an electron gun 124 (e.g., an 1onizer, a gas
blown over the article, a powder sprayed on the article, the
triboelectric effect) may alternatively be used.

At step 136, voltages at a plurality of positions or locations
on the surface area of the article 122 are measured using the
voltage measurement device 128. In embodiments 1n which
the voltage measurement device 128 comprises a non-contact
voltmeter probe 130, the measurements may be performed,
for example, by continuously scanning the probe 130 over the
surface area of the article 122 and simultaneously measuring
the voltage at a plurality of positions throughout the scanming
process (e.2., (X1, ¥is Vi) (Xa, Va5 Vo)« o+ (X, Vs V).

At step 138, the measured voltages are analyzed during the
scanning process (or after the scanning and measurement
process 1s completed) to detect changes or fluctuations in
voltage that occur between two measurements, or over a
range of measurements. As will be appreciated from the dis-
cussion above 1 connection with FIG. 6, such changes or
fluctuations may be used to indicate the presence of subsur-
face detects (e.g., a blister 106 or a void 108) 1n the article 122
at positions or locations corresponding to the changes or
fluctuations.

FIG. 10 1llustrates another embodiment of an ES-NDET
system 140 comprising a computer 142 or other processor-
based device (e.g., computer system 160 of FIG. 14 discussed
below) programmed to monitor and/or control operation of
the charge source 120 and the voltage measurement device
128. The computer 142 may be in communication with a
power supply 126 of a charge source 120 via, for example, an
RS-422/RS-485 serial interface communication link, to con-
trol the beam current and energy output by an electron gun
124 coupled to the power supply 126. In one embodiment, the
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computer 142 may be programmed to receirve user input
describing physical properties (e.g., area, size, thickness,
bulk resistivity) of the dielectric surface coating 102. Based
on this mnformation, the computer 142 may select an appro-
priate region-of-operation plot (FIG. 7) from a database 144
containing a number of region-of-operation plots for different
coatings. The computer 142 may then control the power sup-
ply 126 1n accordance with the selected region-of-operation
plotto ensure that only non-damaging combinations of charg-
ing current density and electron energy are produced by the
clectron gun 124.

The system 140 may comprise one or more actuators 146 in
communication with the computer 142 for controlling and
varying a position or location of the voltage measurement
device 128. For example, in embodiments in which the volt-
age measurement device 128 comprises a non-contact volt-
meter probe 130, each actuator 146 may be mechanically
coupled to the probe 130 to control and vary the position of
the probe 130 over the surface area of the article 122 respon-
s1ve to a positioning signal output by the computer 142. The
positioning signal may define a measurement pattern of the
probe 130 over the surface area of the article 122 and be
generated by the computer 142 based on, for example, char-
acteristics of the probe 130 (e.g., geometry and/or area or size
of the probe sensing surface) and/or user mputs specifying a
shape and s1ze of the surface area of the article 122. Addition-
ally, the positioning signal may be generated by the computer
142 to optimize the efficiency of the voltage measurement
process by, for example, controlling the manner of probe 130
movement (€.g., continuous, discrete, oscillatory), the speed
of the probe 130, and the path of the probe 130 over the
surface area of the article 122 (e.g., linear, curved, zig-zag). It
will be appreciated that certain of these positioning signal
variables (e.g., continuous or discrete movement, probe
speed) may be dictated to an extent by the response charac-
teristics of the particular probe 130. In certain embodiments,
the one or more actuators 146 may comprise a servomotor and
associated control circuitry for controlling and positioning
the probe 130 over the surface area of the article 122 with a
suitable degree of accuracy. In certain embodiments, feed-
back regarding the position or location of the probe 130 may
be transmitted from position sensors located in the one or
more actuators 146 (or elsewhere) to the computer 142.

As shown 1n FIG. 10, the computer 142 may be 1n commu-
nication with the voltage measurement device 128 (e.g.,
probe 130) to receive 1ts output as the position of the mea-
surement device 128 over the surface area of the article 122 1s
controlled and varied (e.g., by the one or more actuators 146.
In certain embodiments, the computer 142 may record volt-
age measurements recerved from the voltage measurement
device 128 and the position of each measurement (e.g., based
on positional feedback from the one or more actuators 146) 1n
a substantially continuous manner, or at discrete intervals
(e.g., corresponding to discrete positions of the probe 130).
The voltage measurements may be analyzed by the computer
142 as they are recorded (or after all measurements are com-
pleted) to detect changes or tluctuations 1n voltage that occur
between two measurements, or over a range ol measure-
ments. As will be appreciated from the discussion above in
connection with FIG. 6, such changes or fluctuations may be
used to indicate the presence of subsurface defects (e.g., a
blister 106 or a void 108) in the article 122 at positions
corresponding to the changes or fluctuations. In this way, the
computer 142 may determine the presence of any subsurface
defects 1n the article 122 and their corresponding positions.
Additionally, based on the magnitude of any voltage change
or fluctuation that 1s determined to be the result of a subsur-
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face defect, and/or based on the number of measurements
over which such a change or fluctuation occurs, the computer
142 may determine or estimate the size of the subsurface
defect. This information may be output to a user by the com-
puter 142, for example, in a graphical format (e.g., on a
graphical representation of the article 122 generated by the
computer 142), or 1n a text-based format.

In certain embodiments, more than one voltage measure-
ment device 128 may be used simultaneously to increase the
eificiency ol measuring the voltage on the surface area of the
article 122. As shown 1n FIG. 11, for example, two or more
non-contact voltmeter probes 130 can be used simultaneously
to 1increase the area of measurement, thereby reducing mea-
surement time.

Although the embodiment of the system 140 1s illustrated
being used with an article 122 comprising a generally planar
surface area, embodiments of the system 140 are not limited
to such geometries. FIG. 12, for example, illustrates one
embodiment of an ES-NDFET system 150 that may be used to
detect subsurface defects 1n an article 152 comprising a cylin-
drical geometry. In this embodiment, the one or more actua-
tors 146 may include a first actuator 146a for rotating the
article 152 (indicated angle ¢) about an axis of symmetry
(indicated by the z axis), and a second actuator 14656 for
changing a position of a voltage measurement device 128
(e.g., a non-contact voltmeter probe 130) along the direction
of the axis of symmetry. Accordingly, based on positional
teedback received from the actuators 146a, 1465 (or other
source) and voltage measurements recorded from the output
of the voltage measurement device 128, the computer 142
may detect the presence of any subsurface defects 1n the
article 122 and determine the position of each (e.g., using (¢,
7) coordinate pairs).

FI1G. 13 1llustrates an embodiment of an ES-NDET system
154 that may be used to detect subsurface defects in an article
156 comprising a disc-shaped geometry. In this embodiment,
the one or more actuators 146 may include a first actuator
146a for rotating the article 152 (indicated by angle ¢) about
an axis of symmetry, and a second actuator 146c¢ for control-
ling and varying a radial position (indicated by the r' axis) of
a voltage measurement device 128 (e.g., a non-contact volt-
meter probe 130) relative to the surface of the article 156.
Accordingly, based on positional feedback received from the
actuators 146a, 146¢ (or other source) and voltage measure-
ments recorded from the output of the voltage measurement
device 128, the computer 142 may detect the presence of any
subsurface defects 1n the article 122 and determine the posi-
tion of each (e.g., using (r', ¢) coordinate pairs).

FI1G. 14 and the following discussion are intended to pro-
vide a brief general description of a suitable computing envi-
ronment 158 1n which aspects of described embodiments of
ES-NDET systems and methods may be implemented. It
should be understood, however, that handheld, portable, and
other computing devices and computing objects of all kinds
are contemplated for use 1n connection with the described
embodiments. The computing system environment 158 1is
only one example of a suitable computing environment and 1s
not intended to suggest any limitation as to the scope of use or
tfunctionality of the described embodiments. Neither should
the computing environment 158 be interpreted as having any
dependency or requirement relating to any one or combina-

tion of components illustrated 1n the operating computing,
environment 158. With reference to FIG. 14, one embodiment
of a system for implementing the described embodiments
comprises a general purpose computing device 1n the form of
a computer system 160. Components of the computer system
160 may comprise a processing unit 162, a system memory
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164, and a system bus 166 that couples various system com-
ponents including the system memory 164 to the processing
unit 162. The system bus 166 may be any of several types of
bus structures including a memory bus or memory controller,

a peripheral bus, and a local bus using any of a variety of bus

architectures. By way of example, and not limitation, such
architectures include Industry Standard Architecture (ISA)
bus, Micro Channel Architecture (IMCA) bus, Enhanced ISA
(EISA) bus, Video Electronics Standards Association
(VESA) local bus, and Peripheral Component Interconnect
(PCI) bus (also known as Mezzanine bus).

The computer system 160 generally comprises a variety of
computer readable media. Computer readable media can be
any available media that can be accessed by the computer
system 160 and includes both volatile and nonvolatile media,
removable, and non-removable media. Computer storage
media includes volatile and nonvolatile, removable, and non-
removable media implemented 1n any method or technology
for storage of information such as computer readable mstruc-
tions, data structures, program modules, or other data. One or
more region-of-operation plots (FIG. 7) may be stored in
nonvolatile memory of the computer system 160, for
example. Computer storage media includes, but 1s not limited
to, Random Access Memory (RAM), Dynamic RAM
(DRAM), Double-Data-Rate DRAM (DDRAM), Synchro-
nous DRAM (SDRAM), Static RAM (SRAM), Program-
mable ROM (PROM), Read Only Memory (ROM), Electri-
cally FErasable Programmable Read Only Memory
(EEPROM), flash memory, polymer memory such as ferro-
clectric polymer memory, ovonic memory, phase change or
ferroelectric memory, silicon-oxide-mitride-oxide-silicon
(SONOS) memory, Compact Disk Read Only Memory
(CDROM), Compact Disc-rewritable (CDRW) Digital Ver-
satile Disks (DVD) or other optical disk storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other mag-
netic storage devices, or any other medium which can be used
to store the desired mnformation and which can be accessed by
the computer system 160. It 1s worthy to note that some
portion or the entire computer storage medium may be
included 1n other elements of the computer system 160. For
instance, some or all of computer storage medium may be
included on the same integrated circuit or chip with elements
of the computer system 160 (e.g., processing unit 162). Alter-
natively, some portion or the entire computer storage medium
may be disposed on an integrated circuit or other medium
(e.g., a hard disk drive) that 1s external.

The system memory 164 includes computer storage media
in the form of volatile and/or nonvolatile memory such as
ROM 168 and RAM 170. A basic input/output system 172
(BIOS), containing the basic routines that help to transfer
information between elements within the computer system
160, such as during start-up, 1s typically stored in the ROM
168. The RAM 170 typically contains data and/or program
modules that are immediately accessible to and/or presently
being operated on by the processing unit 162. By way of
example, and not limitation, FIG. 14 illustrates an operating
system 174, one or more application programs 176, other
program modules 178, and program data 180.

The computer system 160 also may comprise other remov-
able/non-removable, volatile/nonvolatile computer storage
media. By way of example only, FIG. 14 illustrates a hard disk
drive 182 that reads data from or writes data to non-remov-
able, nonvolatile magnetic media, a magnetic disk drive 184
that reads data from or writes data to a removable, nonvolatile
magnetic disk 186, and an optical disk drive 188 that reads
data from or writes data to a removable, nonvolatile optical
disk 190, such as a CD ROM, CDRW or other optical media.
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Other removable/non-removable, volatile/nonvolatile com-
puter storage media that can be used 1in the example operating
environment include, but are not limited to, magnetic tape
cassettes, flash memory cards, digital versatile disks, digital
video tape, solid state RAM, solid state ROM, and the like.
The hard disk drive 182 1s typically connected to the system
bus 166 through a non-removable memory interface such as
interface 192, and magnetic disk drive 184 and optical disk
drive 188 are typically connected to the system bus 166 by a
removable memory interface, such as interface 194.

The drives and their associated computer storage media
discussed above and 1llustrated in FI1G. 14 provide storage of
computer readable instructions, data structures, program
modules, and other data for the computer system 160. In FIG.
14, for example, the hard disk drive 182 i1s illustrated as
storing an operating system 196, one or more application
programs 198, other program modules 200, and program data
202. Note that these components can either be the same as or
different from the operating system 174, the one or more
application programs 176, the other program modules 178,
and the program data 180. The operating system 196, the one
or more application programs 198, the other program mod-
ules 200, and the program data 202 are given different num-
bers here to illustrate that, at a minimum, they are different
copies. A user may enter commands and information into the
computer system 160 through mnput devices such as a key-
board 204 and pointing device 206, commonly referred to as
a mouse, trackball, or touch pad. Other input devices (not
shown) may include a microphone, joystick, game pad, sat-
cllite dish, or the like. These and other input devices are often
connected to the processing unit 162 through a user mput
interface 210 that1s coupled to the system bus 166, but may be
connected by other interface and bus structures, such as a
parallel port, game port or a universal serial bus (USB). A
display device 212 or other type of display device 1s also
connected to the system bus 166 via an interface, such as a
video interface 214, which may in turn communicate with
video memory (not shown). In addition to the display device
212, computer systems also may include other peripheral
output devices such as speakers 216 and a printer 218, which
may be connected through an output peripheral interface 220.

The computer system 160 may operate 1n a networked or
distributed environment using logical connections to one or
more remote computers, such as a remote computer 222. The
remote computer 222 may be a personal computer, a server, a
router, a network PC, a peer device or other common network
node, and typically includes many or all of the elements
described above relative to the computer system 160,
although only a memory storage device 224 has been 1llus-
trated in FIG. 14. The logical connections depicted in FI1G. 14
include a local area network (LAN) 226 and a wide area
network (WAN) 228, but may also include other networks/
buses. Such networking environments are commonplace in
homes, offices, enterprise-wide computer networks, intra-
nets, and the Internet.

When used 1n a LAN networking environment, the com-
puter system 160 1s connected to the LAN 226 through a
network interface or adapter 230. When used 1n a WAN net-
working environment, the computer system 160 generally
includes a modem 232 or other means for establishing com-
munications over the WAN 228, such as the Internet. The
modem 232, which may be internal or external, may be con-
nected to the system bus 166 via the user input interface 210,
or other appropriate mechanism. In a networked environ-
ment, program modules depicted relative to the computer
system 160, or portions thereof, may be stored 1n the remote
memory storage device. By way of example, and not limita-
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tion, FIG. 14 illustrates one or more remote application pro-
grams 234 as residing on the memory device 224. It will be
appreciated that the network connections shown are non-
limiting examples and other means of establishing a commu-
nications link between the computers may be used.

Various aspects ol a non-destructive evaluation and testing
system including a charge source and at least one voltage
measurement device are disclosed. The charge source may be
for generating a charging environment to produce at least one
ol a voltage profile and a current on an area of dielectric
material disposed over a conductive substrate. The area of
dielectric material may include a first area containing a sub-
surface defect. The area of dielectric material may also
include a second area that 1s defect-free. The at least one
voltage measurement device may be for outputting voltage
measurements at different positions over the area of dielectric
material. The voltage measurements over the first area may
differ from voltage measurements over the second area to
define a voltage differential.

In certain embodiments, the charge source may include any
one of an electron gun, an 1onizer, a gas, a powder and a {irst
material that 1s different than the dielectric matenal to cause
clectrical charging of the dielectric material when rubbed
against the dielectric matenal.

In certain embodiments, the current may include a steady-
state or quasi steady-state current, and the voltage profile may
include a steady-state or quasi steady-state voltage profile.

In certain embodiments, the subsurface defect may be
caused by a separation between a portion of the dielectric
material and the conductive substrate.

In certain embodiments, the at least one voltage measure-
ment device may include a non-contact voltmeter probe.

In certain embodiments, the at least one voltage measure-
ment device may include a plurality of voltage measurement
devices.

In certain embodiments, the charge source may generate a
charging environment based on physical properties of the
dielectric material such that a breakdown strength of the
dielectric material 1s not exceeded.

In certain embodiments, the system may include at least
one processor in communication with at least one computer-
readable medium. The at least one computer-readable
medium may include instructions for causing the at least one
processor to at least one of monitor an operating parameter of
the system and control the operating parameter of the system.

In certain embodiments, the at least one processor may
control an operating parameter of the charge source.

In certain embodiments, the charge source may emit a
charging current; and the at least one processor may control
the charge source based on at least one predetermined com-
bination of charging current density and energy that 1s non-
damaging to the dielectric material.

In certain embodiments, the at least one processor may
receive the measurements from the voltage measurement
device and analyze the recetved measurements to detect the
voltage differential.

In certain embodiments, the at least one processor may
receive positional feedback from one or more position sen-
sors to indicate positions of the measurements over the area of
dielectric material, and determine a position of the voltage
differential on the area of dielectric material based on the
received positional feedback.

In certain embodiments, the system may include at least
one actuator to control a position of the voltage measurement
device relative to the area of dielectric material 1n response to
a positioning signal recerved by the at least one actuator from
the at least one processor.




US 8,466,687 B2

17

Methods that may be used to perform, for example, non-
destructive evaluation and testing, are also disclosed. One
such method may include, 1n one embodiment, generating a
charging environment to produce at least one of a voltage
profile and a current on an area of dielectric material disposed
over a conductive substrate. The area of dielectric material
may include a first area containing a subsurface defect. The
area ol dielectric material may also include a second area that
1s defect-free. The method may include measuring voltages
over the area of dielectric material at different positions using
at least one voltage measurement device. The voltage mea-
surements over the first area may differ from voltage mea-
surements over the second area to define a voltage differen-
tial.

In certain embodiments, the method may include control-
ling a charge source to generate the charging environment
such that a breakdown strength of the dielectric material 1s not
exceeded.

In certain embodiments, the method may include control-
ling the charge source to generate the charging environment
based on at least one predetermined combination of charging,
current density and energy that is non-damaging to the dielec-
tric material.

In certain embodiments, the current may include a steady-
state or quasi steady-state current, and the voltage profile may
include a steady-state or quasi steady-state voltage profile.

In certain embodiments, the method may 1include measur-
ing voltages over the area of dielectric material using a non-
contact voltmeter probe.

In certain embodiments, the method may 1nclude analyz-
ing the measured voltages to detect the voltage differential.

In certain embodiments, the method may include recerving
positional feedback to indicate positions of the measurements
over the area of dielectric material, and determining a posi-
tion of the voltage differential on the area of dielectric mate-
rial based on the received positional feedback.

Another method may include, 1n one embodiment, produc-
ing a voltage differential between a first area of a dielectric
material and a second area of the dielectric material by using,
a charge source. The dielectric material may be disposed over
a conductive substrate. The first area of the dielectric material
may be delamiated from the conductive substrate and the
second area of the dielectric material may not be delaminated
from the conductive substrate. The method may also 1include
determining a position of the first area of dielectric material
by determining a position of the voltage differential.

In certain embodiments, the method may include deter-
mimng a position of the voltage differential by scanning the
dielectric material using a non-contact voltmeter probe.

In certain embodiments, the method may include deter-
mimng at least one combination of charging current density
and energy that 1s non-damaging to the dielectric material,
and controlling the charge source 1n accordance with the at
least one combination of charging current density and energy.

Reference throughout the specification to *‘various
embodiments,” “some embodiments,” “one embodiment,”
“an embodiment,” and the like means that a particular feature,
structure, or characteristic described 1n connection with the
embodiment 1s included 1n at least one embodiment. Thus,
appearances of the phrases “in various embodiments,” “in
some embodiments,” “in one embodiment,” “in an embodi-
ment,” and the like 1 places throughout the specification are
not necessarily all referring to the same embodiment. Fur-
thermore, the particular features, structures, or characteristics
may be combined 1n any suitable manner in one or more
embodiments. Thus, the particular features, structures, or

characteristics illustrated or described 1in connection with one
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embodiment may be combined, 1n whole or 1n part, with the
features, structures, or characteristics of one or more other
embodiments without limitation.

The examples presented herein are intended to illustrate
potential and specific implementations of the embodiments.
It can be appreciated that the examples are intended primarily
for purposes of illustration for those skilled in the art. No
particular aspect or aspects of the examples 1s/are intended to
limit the scope of the described embodiments. The figures and
descriptions of the embodiments have been simplified to
illustrate elements that are relevant for a clear understanding
of the embodiments, while eliminating, for purposes of clar-
ity, other elements.

While various embodiments have been described herein, it
should be apparent that various modifications, alterations,
and adaptations to those embodiments may occur to persons
skilled in the art with attainment of at least some of the
advantages. The disclosed embodiments are therefore
intended to 1nclude all such modifications, alterations, and

adaptations without departing from the scope of the embodi-
ments as set forth herein.

What 1s claimed 1s:

1. A system, comprising:

a charge source for generating a charging environment to
produce at least one of a steady-state or quasi steady-
state voltage profile and a steady-state or quasi steady-
state current on an area of dielectric material disposed
over a substrate, wherein the area of dielectric material
comprises a {irst area containing a subsurface defect, and
wherein the area of dielectric material comprises a sec-
ond area that 1s defect-1ree; and

at least one voltage measurement device for outputting
voltage measurements at different positions over the
areca of dielectric material, wherein voltage measure-
ments over the first area differ from voltage measure-
ments over the second area to define a voltage differen-
tial.

2. The system of claim 1, wherein the charge source com-
prises any of: an electron gun, an 1onizer, a gas, a powder, a
first material that 1s different than the dielectric material to
cause clectrical charging of the dielectric material when
rubbed against the dielectric matenal.

3. The system of claim 1, wherein the subsurface defect 1s
caused by a separation between a portion of the dielectric
material and the substrate.

4. The system of claim 1, wherein the at least one voltage
measurement device comprises a non-contact voltmeter
probe.

5. The system of claim 1, wherein the at least one voltage
measurement device comprises a plurality of voltage mea-
surement devices.

6. The system of claim 1, wherein the charge source 1s for
generating a charging environment based on physical prop-
erties of the dielectric material such that a breakdown strength
of the dielectric material 1s not exceeded.

7. The system of claim 1, comprising at least one processor
in communication with at least one computer-readable
medium, wherein the at least one computer-readable medium
comprises mnstructions for causing the at least one processor
to at least one of: monitor an operating parameter of the
system and control the operating parameter of the system.

8. The system of claim 7, wherein the at least one processor
1s to control an operating parameter of the charge source.

9. The system of claim 8, wherein the charge source emits
a charging current, and wherein the at least one processor 1s to
control the charge source based on at least one predetermined
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combination of charging current density and energy that 1s
non-damaging to the dielectric material.
10. The system of claim 7, wherein the at least one proces-
SOr 18 to:
receive the measurements from the voltage measurement
device; and

analyze the recerved measurements to detect the voltage
differential.

11. The system of claim 10, wherein the at least one pro-

cessor 1s to:

receive positional feedback from one or more position
sensors to 1ndicate positions of the measurements over
the area of dielectric material; and

determine a position of the voltage differential on the area

ol dielectric material based on the received positional
teedback.

12. The system of claim 7, comprising at least one actuator
to control a position of the voltage measurement device rela-
tive to the area of dielectric material in response to a position-
ing signal recerved by the at least one actuator from the at least
one processor.

13. A method, comprising:

generating with a charge source a charging environment to

produce at least one of a steady-state or quasi steady-
state voltage profile and a steady-state or quasi steady-
state current on an area of dielectric material disposed
over a substrate, wherein the area of dielectric material
comprises a first area containing a subsurface defect, and
wherein the area of dielectric material comprises a sec-
ond area that 1s defect-1ree; and

measuring voltages over the area of dielectric material at

different positions using at least one voltage measure-
ment device, wherein voltage measurements over the
first area differ from voltage measurements over the
second area to define a voltage differential.

14. The method of claim 13, comprising controlling the
charge source to generate the charging environment such that
a breakdown strength of the dielectric material 1s not
exceeded.

15. The method of claim 14, comprising controlling the
charge source to generate the charging environment based on
at least one predetermined combination of charging current
density and energy that 1s non-damaging to the dielectric
material.

16. The method of claim 14, comprising controlling the
charge source based on a dependency of the charge source on
one or more experimentally-determined operating param-
cters of the charge source.

17. The method of claim 13, comprising measuring volt-
ages over the area of dielectric material using a non-contact
voltmeter probe.

18. The method of claim 13, comprising;:

analyzing the measured voltages to detect the voltage dii-

ferential.
19. The method of claim 18, comprising:
receiving positional feedback to indicate positions of the
measurements over the area of dielectric material; and

determining a position of the voltage differential on the
area of dielectric material based on the recerved posi-
tional feedback.

20. A method, comprising:

producing a voltage differential between a first area of a

dielectric material and a second area of the dielectric
material by using a charge source, wherein the dielectric
material 1s disposed over a substrate, and wherein the
first area of the dielectric material 1s delaminated from
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the substrate and the second area of the dielectric mate-
rial 1s not delaminated from the substrate; and
determining a position of the first area of dielectric material
by determining a position of the voltage differential;
determining at least one combination of charging cur-
rent density and energy that 1s non- damaging to the
dielectric maternal; and controlling the charge source 1n
accordance with the at least one combination of charg-
ing current density and energy.
21. The method of claim 20, comprising determining a
position of the voltage differential by scanning the dielectric
material using a non-contact voltmeter probe.
22. A system, comprising:
a charge source for generating a charging environment to
produce at least one of a voltage profile and a current on
an area of dielectric material disposed over a substrate,
wherein the area of dielectric material comprises a first
arca containing a subsurface defect, and wherein the
area ol dielectric material comprises a second area that1s
defect-free, and wherein the charge source emits a
charging current;
at least one voltage measurement device for outputting
voltage measurements at different positions over the
area of dielectric material, wherein voltage measure-
ments over the first area differ from voltage measure-
ments over the second area to define a voltage differen-
tial; and
at least one processor in communication with at least one
computer-recadable medium, wherein the at least one
computer-readable medium comprises instructions for
causing the at least one processor to control an operating
parameter of the charge source based on at least one
predetermined combination of charging current density
and energy that 1s non-damaging to the dielectric mate-
rial.
23. A system, comprising;:
a charge source for generating a charging environment to
produce at least one of a voltage profile and a current on
an area of dielectric material disposed over a substrate,
wherein the area of dielectric material comprises a first
areca contaiming a subsurface defect, and wherein the
area ol dielectric material comprises a second area that1s
defect-free;
at least one voltage measurement device for outputting
voltage measurements at different positions over the
arca of dielectric material, wherein voltage measure-
ments over the first area differ from voltage measure-
ments over the second area to define a voltage differen-
tial; and
at least one processor in communication with at least one
computer-readable medium, wherein the at least one
computer-readable medium comprises instructions for
causing the at least one processor to:
at least one of monitor an operating parameter of the
system and control the operating parameter of the
system:

receive the measurements from the voltage measure-
ment device;

analyze the received measurements to detect the voltage
differential;

receive positional feedback from one or more position
sensors to indicate positions ol the measurements
over the area of dielectric matenial; and

determine a position of the voltage differential on the
area of dielectric material based on the recerved posi-
tional feedback.
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24. A system, comprising:

a charge source for generating a charging environment to
produce at least one of a voltage profile and a current on
an area ol dielectric material disposed over a substrate,
wherein the area of dielectric material comprises a first
area containing a subsurface defect, and wherein the
area of dielectric material comprises a second area that 1s
defect-free;

at least one voltage measurement device for outputting
voltage measurements at different positions over the
arca ol dielectric material, wherein voltage measure-
ments over the first area differ from voltage measure-
ments over the second area to define a voltage differen-
tial;

at least one processor 1n communication with at least one
computer-readable medium, wherein the at least one
computer-readable medium comprises instructions for
causing the at least one processor to at least one of:
monitor an operating parameter of the system and con-
trol the operating parameter of the system; and
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at least one actuator to control a position of the voltage
measurement device relative to the area of dielectric
material 1n response to a positioning signal received by
the at least one actuator from the at least one processor.

25. A method, comprising:

generating a charging environment to produce at least one
of a voltage profile and a current on an area of dielectric
material disposed over a substrate, wherein the area of
dielectric material comprises a {irst area containing a
subsurface defect, and wherein the area of dielectric
material comprises a second area that 1s defect-free;

measuring voltages over the area of dielectric material at
different positions using at least one voltage measure-
ment device, wherein voltage measurements over the
first area differ from voltage measurements over the
second area to define a voltage differential; and

controlling the charge source based on a dependency of the
charge source on one or more experimentally-deter-
mined operating parameters of the charge source.
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